Indonesia has a great sea cucumber resource which is useful as functional food. Even though much information about the biopotency of sea cucumbers have been published, however, studies on nutrition value of Indonesian sea cucumbers are still beneficial due to the great diversity and uniqueness of each species. The present work was intended to obtain information about chemical composition and fatty acid profile of 4 (four) types of sea cucumbers which are frequently found in Halmahera water, North Maluku (Molucca), one of sea cucumbers producing area in Indonesia. The samples coded as H-03, H-04, H-05 and H-10, were identified as Bohadschia argus, Holothuria fuscogilva, Thelenota ananas, and Actinophyga lecanora. All sea cucumbers showed high protein content, more than 60% (drybase/db), except for T. ananas which had the lowest protein content (48.26% db). As for fats, T. ananas showed the highest amount (2.35%db) with dominated saturated fatty acids (SFA). On the other side, A. lecanora showed higher value of PUFA compared to SFA and MUFA. Palmitic acid (C16:0) was the most abundant SFA in the most samples with the amount of 0.49-4.9 mg/g sample. Among PUFA, eicosapentaenoic acid/EPA (C20:5n3) was detected, and eicosatrienoic acid (C20:3n6) was relatively higher than the others. The ratio of 6/3 fatty acid was 1.2-3.2 showing that total 6 fatty acid was higher than total 3 fatty acid. However, this value is safe enough to protect against chronic and degenerative diseases.
Introduction
Sea cucumber is one of the fishery products which has high nutrition value and commonly used as functional food. A number of bioactivities of sea cucumbers have been reported, including antioxidant (Zhong et al., 2007) , antitumor (Zhang & Yi, 2011; Januar et al., 2014; Aminin et al., 2015) antimicrobial (Jiang et al., 2014) and anti-inflammatory (Bordbar et al., 2011) . These activities are referred to the presence of bioactive compounds especially saponins, chondroitin sulfates, phenolics, essential fatty acids and others. Indonesia has approximately 53 types of sea cucumbers, 29 of those were internationally traded, which were mostly Holoturiidae and Stichopodidae (Darsono, 2007) . The export of these sea cucumbers reached about 2600 ton in 2010 (Anon., 2010), in dried product form. The main market for Indonesia sea cucumbers are mostly China, Japan, Korea, Singapore, Taiwan, and Australia (Sukmiwati, 2012) . The Indonesian sea cucumber export were conducted by 81 firms, the largest number of sea cucumber exporter in the world (Brown et al., 2010) . Sea cucumber can be found in nearly all aquatic coast, in shallow tidal areas to deep water. The producing area of Indonesian sea cucumbers are Bangka, Sulawesi, Maluku, West Nusa Tenggara Barat (Sumbawa), East Nusa Tenggara (Flores and Sumba) and Papua (Martoyo et al., 2006) .
Variation of the nature and nutritional value of sea cucumbers will affect on their utilization and their economic values as well. Several publications reported about various types and the distribution of sea cucumbers in Indonesia (Yusron, 2004; Purwati, 2005; Elfidasari et al., 2012; Sukmiwati et al., 2012; Fadli et al., 2013; and Gasango et al.,2013 Maluku, especially Halmahera Island. This information is expected to complete the previous information related to nutritional value of sea cucumbers .
Material and Methods

Materials
Sea cucumbers used in this study were collected by professional SCUBA divers in April 2014 from Halmahera waters in North Halmahera, North Maluku, Indonesia. Four types of sea cucumbers were collected and coded as H-03, H-04, H-05 and H-10. The sea cucumbers were collected, frozen overnight and transported to Jakarta using crushed ice in a styrofoam box. It took about 5 hours to bring the samples from Halmahera to the RCMFPPB laboratory in Jakarta. After keeping overnight in a cold storage, their size were measured and eviscerated, then kept in a cold storage for about one month before being analyzed. For identification, whole sea cucumbers (without eviscerating) were sent to Faculty of Fisheries and Marine Science, Bogor Agricultural University, Bogor, Indonesia. The identification was done based on their morphological characters and types of spicules. The harvesting regions of sea cucumbers is shown in Figure  1 .
Method
Frozen sea cucumber samples were thawed, cut into small cubes, then minced f or chemical composition analysis using method of SNI (2006) . For fatty acid analyses, the minced samples were frozen and freeze-dried to obtain the dried product. Fatty acid (FA) profiles were analyzed by GC-FID based on fatty acids methyl ester (FAME) synthesis developed by O'Fallon et al. (2007) with slightly modification.
A 500 mg dried sample was added with 2 ml of BF3 in MeOH (14% v/v) and incubated in a 55 o C waterbath for 1.5h with vigorous hand-shaking for 5 s every 20 min. After being cooled, 2 ml of HPLC grade H 2 O and 2 ml of n-Hexane was added to the solution. The upper layer containing the FAME was then concentrated under a concentrator until 100 µL. FAMEs were analyzed on an Agilent Technologies Gas Chromatography 7890A equipped with flame ionization detector (FID). Twenty µL of the FAME was injected in to the GC-FID system (split 50:1), on a HP-5 capillary column (30 m × 0.25 mm I.D.). The initial oven temperature was 140 °C, held for 5 min, subsequently increased to 240 °C at a rate of 4 °C/ min, and then held for 20 min. The carrier gas was Helium at a flow rate of 0.5 ml min "1 . Both the injector and the detector temperature were set at 260 °C. Identification was done by comparison of the peak in the sample with fatty acid methyl standards (Supelco 37 Component FAME Mix in methylene chloride, catalog 47885-U). Analyses of fatty acid profile was conducted with no replication.
Results and Discussion
Morphometric Analysis
Four sea cucumbers species were obtained and described as shown in Table 1 . Among the samples, H-05 identified as Thelenota ananas was a single sample and the biggest one with the length reached 67,0 cm. According to Martoyo et al. (2010) the length of T.ananas could reach up to 100 cm with 6 kg in weight. Other samples coded as H-03, H-04 and H-10 were identified as Bohadschia argus, Holothuria fuscogilva and Actinophyga lecanora respectively.
Chemical Composition
Chemical compositions of sea cucumbers are presented in Table 2 . Moisture content varied from 84.34 to 90.81%. In general, the results were similar with those found in previous studies reported by Özer et al. (2004) ; Aydin et al. (2011); Karnila et al. (2011); Omran (2013) ; which can be seen in Table 3 . The most abundant chemical component was protein, which ranged from 48.26 to 68.75% db. B.argus contained the highest protein compared to the other. High protein content of B.argus (62.1% db) was also reported by Wen et al. (2010) . T ananas showed the lowest content of protein. However, it contained the highest lipid content (2.35% db) than that of other three species (less than 2% db). T. ananas was also found high in ash content (37.40% db). Ash content may be related to mineral content like calcium, magesium, iron and zinc as describe by Chen (2003) , Ridzwan (2007) and Bordbar (2011) .
Proximate composition of fresh sea cucumbers may vary depending upon the species, seasonal variations in feeding behaviour and different region (Chang-Lee et al., 1989; Ginger et al., 2001; Bordbar et al., 2011) . Based on several investigations it can be identified that proximate compositional data of fresh sea cucumbers vary widely as shown in Table 3 . It seems that eventhough species used in the studies were different, the results were found to be comparable.
Fatty Acid Profiles
Fatty acid profiles of investigated sea cucumbers are presented in Figure 3 to 5. T. ananas showed the highest content and diversity of fatty acid, reached 17.059 mg/g samples which were distributed in 19 types of fatty acid. This was in accordance with the greatest fat content of T.ananas as presented in Table  2 .
Based on chromatogram (data not shown) that peak showing C:18 coincide with C18:1n9t. However, considering with the investigation of Wen et al. (2010) and Aydin et al. (2011) , that C:18 fatty acid (stearic acid) concentration in sea cucumbers is commonly higher compared to C18:1n9t fatty acid (elaidic acid) concentration (about 3 to 6 times), so we assumed that the peak represented as C:18 (stearic acid).
Among total fatty acids, saturated fatty acid (SFA), especially palmitic acid (C16:0), was most dominant in T.ananas and H.fuscogilva (Figure 4 & 5) . This is similar with Wen et al. (2010) investigation. They found that palmitic acid was the major fatty acid in T.ananas and H.fuscogilva, reached approximately 22% and 32% of total fatty acid respectively. Also, Ridzwan et al. (2014) found that palmitic acid was the main fatty acid contained in 3 species of Holothuria from Malaysian, with the amount of 34.2 to 52.7%.
B.argus contai ned Saturated Fatt y Acid, monounsaturated f atty aci d (MUFA) and polyunsaturated fatty acid (PUFA) which was comparable each other (Figure 4) . Wen et al. (2010) found that SFA was also the most abundant in B. argus, with the highest content of palmitic acid (approx. 15.8%). Palmitic acid was the third abundant Table 1 . Size and identification results of sea cucumbers used in this study Y.N. Fawzya et al. /Squalen Bull. of Mar. & Fish. Postharvest & Biotech. 10 (1) 2015, 27-34 fatty acid content in B.argus from Halmahera Island. The highest SFA of B.argus was heptadecaonate similar with A.lecanora, however this fatty acid was not the main fatty acid contained in these two sea cucumbers. The most abundant fatty acid contained in B.argus and A. lecanora was Eicosanoate and cis-11,14-Eicosadienoic acid respectively which were unsaturated fatty acid.
Some essential fatty acids were observed in the samples, including omega-3 and omega-6 fatty acids, linoleic acid (LA) or C18:2n6c and alpha-linolenic acid (ALA) or C18:3n6 and eicosapentaenoic acid (EPA) or C20:5n-3. Long-chain n-3 fatty acids are well known as a nutrition having an important role in growth and development of brain function reducing the risk of coronary heart disease, cancer, inflammation, and arthritis (Ruxton et al., 2014; Boardbar et al., 2011) . EPA was available in a limited amount and comparable for each sea cucumber investigated, with the content was in the range of 0.11-0.14 mg/g sample (Figure 4) or about 0.8 to 2.4% of total fatty acids. This amount was similar to the investigation of Ridzwan et al. (2014) .
Results showing that EPA content of four sea cucumber species (3 Holothurias and 1 Stichopus) from Malaysia was varied from 0.17-1.34% of total fatty acids. While DHA was not detected except in S. horrens with a low DHA content, only 0.32%. Whereas, the result of this study showed that no DHA detected in the four sea cucumber samples.
Different result was reported by Aydin et al. (2011) who found that EPA content of Holothuria sp. reached about 4.6-9.3% of total fatty acids. However previous research investigated by Drazen et al. (2008) and Zhong et al. (2007) resulted significant amount of EPA in sea cucumbers. High concentration of EPA in deepsea echinodermis reached up to 9-18% of total fatty acids (Drazen et al., 2008) , and very high EPA content was detected in C.frondosa from Newfoundland (Canada), with the range of 43% to 57% (w/w) (Zhong et al., 2007) . According to Neto et al. (2006) and Aydin et al. (2011) dietary sources may influence on lipid biochemistry of sea cucumbers which further response in variation of fatty acids contained. The difference EPA content of the above results seems to be related with Valentine and Valentine (2010) statement that commonly cold-water marine species tend to accumulate higher amounts of long-chain n-3 f at ty acids, particul arly EPA and DHA (docosahexaenoic acid; 22:6n-3), than species found in temperate climate.
Ratio of -6/-3 is an important index of the fatty acid which related to human health. Due to the antagonistic effects of omega-6 and omega-3 fatty acids, a balanced ratio of -6/-3 should be applied into diet. According to GB Health watch (2013) increase in intake of omega-6 will interfere with the proper function of omega-3 fatty acids, and then improve the risk in suffering disease related to chronic The diet on which human beings evolved has a ratio of omega-6 to omega-3 of approximately 1 (Simopoulos, 2002) . Modern Western diets was reported having omega-6:omega-3 ratios ranging between 15:1 to 17:1 which promoted the development of many chronic diseases (GB Health watch, 2013) . For preventing certain disease such as cardiovascular, FAO recommended the optimal balance for -6/-3 ratio in the diet should be between 5:2 and 8:1 (FAO/ WHO, 2003) . The -6/-3 ratio of the sea cucumbers resulted from this research was in the range of 1,2 -3,2, which is safe for consumption and in the range of -6/-3 ratio in sea cucumbers reported in several publication, i.e varied from 0.5-4.8 (Drazen et al., 2008; Wen et al., 2010; Telahigue et al., 2014; Haider et al., 2015) .
As the omega-3 fatty acids of sea cucumbers contained in a significant amount and susceptible to oxidation, a proper handling of the sea cucumbers should be done to keep fresh until being consumed. Other dosage forms may be prepared such as tablet, capsule or emulsion containing sea cucumber's extract which is rich in omega-3 fatty acids, to get the health benefits of the fatty acids in ameliorating the risk of certain diseases. This product may be consumed as food supplement or nutraceutical with or without addition of herbs to enhance the impact on *The results are from single analysis human health. The recent finding showed that sea cucumber are new sources of phospholipid bonded omega-3 PUFA which is potential to target insulin resistance and obesity (Vaidya & Chiima, 2014) .
Conclusion
Sea cucumbers obtained from Halmahera, North Maluku, Indonesia contained high protein and low fat. This invertebrate was also rich in minerals shown by high in ash content. Except of A. lecanora, investigated sea cucumbers were dominant in SFA compared to PUFA or MUFA. However, all sea cucumbers contained of 3 and 6 fatty acids with the ratio of 6/3 was 1.2 -3.2, relatively low which is good for prevention of chronic diseases.
